The association between social relationships and mortality among the elderly has been well documented by various longitudinal studies. [1] [2] [3] [4] [5] These studies have found that those with more social ties had a lower risk of mortality, independent of age and other physical or psychological factors.
Examining the association between social relationships and mortality has been a subject of frequent studies in Western nations. However, such studies are relatively few in Asian nations. The purpose of our study is to re-examine the association between social relationships and mortality in a non-Western population, i.e., the elderly in a Japanese rural area. Although the methods of measuring social relationships vary among researchers, two dimensions of social relationships have generally been conceptualized in their approaches. [1] [2] [3] [4] [5] One approach intended to measure social relationships in terms of social ties or network, i.e., a web of human relations such as friendship or community in any job?" Job status was defined as having a job regardless of payment or working hours. In a preliminary analysis, when housework was excluded, a job was not associated with women's mortality in any models. However, in our data, 34.7% of women reported housework as their job, whereas only 1.5% of men did so. Thus, we conducted analyses after redefining a job to include housework. All responses were dichotomized into "yes" or "no," and respective codes "1" or "0" were assigned. Living arrangement was categorized as the following: "living alone," "couple only," "multi-generation," and treated as a dummy variable with "multi-generation" as the reference category.
As possible confounders, we used age, baseline health status, and socio-economic factors. Regarding health status, we asked if they had any diagnosed illnesses or conditions such as hypertension, heart disease, respiratory disease, gastrointestinal disease, diabetes, stroke, arthritis or neuralgia, eye disease, liver disease, dementia, gynecological disease, or other. For the presence of each illness or condition, the code "1" was assigned, and the unweighted sum of the count was used in the analysis. Using a simple count of illnesses as an indicator of comorbidity among the elderly has been warranted in various studies.
7,10,11 Self-rated health, which is a strong predictor of mortality among the elderly, 10, 12 was measured on a 4-point scale of "good," "average," "fair," "poor," and entered in the model as a continuous variable.
Some studies have reported that socio-economic factors are also related to mortality as well as to social relationships. [13] [14] [15] We considered these factors as well by using annual income and home ownership as possible confounders. Annual income was categorized into the followings: less than 1 million yen, 1-2 million yen, 2-3 million yen, and 3+ million yen. Home ownership was dichotomized into yes or no.
Exclusion criteria
Prior to the analyses, we excluded 20 subjects whose mortality status could not be ascertained due to either miscoding or mistranscription or moving out of the subject from the study area. Because they were only 0.8% of the whole respondents and no systematic differences were observed between them and others, we concluded that there was no bias in this regard. Other 344 were eliminated due to missing data on ADL, self-rated health, diagnosed illness under treatment, and social relationships.
In this study, we limited our analyses to the functionally independent elderly in order to eliminate the confounding effect of ADL impairment. In a preliminary analysis, poor ADL proved to be strongly related to social relationships and mortality with Spearman's correlation coefficient ranging from 0.110 to 0.354 for social relationships and 0.426 for mortality (p<0.001). Hierarchical log-linear analysis also indicated significant (p<0.001) two-way interactions among these variables (see statistical analysis section below for details). Thus, we excluded 132 individuals who needed assistance in any of the following three ADL: bathing, transferring, or using the toilet. Consequently, the analyses were carried out with 1,994 (836 men and 1,158 women) participation where social interactions occur. The other dealt with the nature of social support such as negative or positive support provided through such interactions. Our study used the first approach, and investigated how social relationships might affect the mortality of community-dwelling elderly in a rural community in Japan.
Study population
Subjects were all the residents aged 65 and older in Matsukawa, a town in the southern part of Nagano Prefecture in central Japan. With a population of about 14,000, the town residents are mostly engaged in agriculture, tending apple or pear orchards. In our population, 72.5% of men and 48% of women who worked were engaged in agriculture. The average family size was 4.5, which was higher than the Japanese national average of 3.05 in the year 1990 6 as well as above that of Western nations. 7 The average life expectancy as of the year 2000 was 79.3 years for men and 85.6 years for women, which was also higher than Japan's average of 78.0 and 84.9 years in that same year. 8 In a baseline survey conducted in August of 1992, 88 welfare commissioners distributed self-administered questionnaires consisting of 51 questions regarding self-rated health, diagnosed illnesses or conditions, activities of daily living (ADL), and social relationships. A total of 2,490 of the elderly in the town returned the questionnaire for an overall response rate of 97.7%. The reasons for non-response were hospital stay (n = 42), nursing home stay (n = 8), and others (n = 8). The study objectives were explained to all participants, and confidentiality was assured in written form at the time of the survey. The survey data were collected and made available by the municipality, and the list of participant names and IDs was kept confidential.
Measurement
Respondents were followed up to the termination of observations due to either death or the end of 1999. The date of death was ascertained by reviewing the local resident registry records. The following five variables were identified as proxies for social relationships: (1) casual friend, (2) support provider, (3) group membership, (4) job, and (5) living arrangements. All of these variables are reported to have significant associations with mortality in various studies. [1] [2] [3] [4] [5] 9 Availability of casual friends and support providers was derived from the following two questions: "Do you have a friend with whom you can talk frankly?" and "Do you have someone whom you can count on when you are in trouble?", respectively. The question regarding group membership was: "Are you at present a member of any of the following groups: seniors' club, neighborhood association, hobby or sports club, religious organization, day service users, association for those living alone, health-oriented learning group, volunteer organization, or any other such group?" Regarding a job, we asked, "Are you engaged ed two-stage Cox regression analyses. At stage 1, each of the five social relationship variables was included as a predictor in separate models, and at stage 2, all the variables were entered simultaneously in a single model, with age, diagnosed illnesses or conditions, self-rated health, annual income, and home ownership treated as common covariates for both stages. For all statistical analyses, p<0.05 was accepted as significant.
During the follow-up period of 88 months, 203 men and 195 women died, for cumulative mortality rates of 24.0% and 16.6%, and a 100 person-year mortality of 3.7 and 2.4, respectively (Table 1) . Both cumulative and person-year mortality were found to be significantly higher for men (p<0.001). A comparison of baseline characteristics revealed that, on average, men were significantly younger than women (73.0 vs. 73.7 years), and had less diagnosed illnesses or conditions (62.3% vs. 66.8%). In social relationships, men were significantly less likely than women to have a casual friend (81.7% vs. 86.5%) or support provider (73.2% vs. 79.4%), and to live alone (1.6% vs. 6.6%). On the other hand, men were more likely to have a job (78.3% vs. 65.5%). No significant gender difference was observed regarding group membership. As for socio-economic factors, men were more likely than women to have a higher income and to own their own homes.
Among the young-old, no association between social relationships and mortality was observed in either men or women at either of the two stages (Table 2) . Among old-old men, having functionally independent subjects, accounting for 80.1% of the total respondents and 78.3% of the total elderly in the town. Excluded subjects were significantly older, had more diagnosed illnesses, fewer social relationships, and a higher subsequent mortality than those not excluded (p < 0.01, data not shown).
Statistical analysis
To evaluate gender differences in the baseline characteristics, we used chi-square and t-tests. Since age and gender differences in the association between social relationships and mortality have been well-documented, [1] [2] [3] [4] [5] 12, [15] [16] [17] we constructed four subpopulations based on gender and two age groups; young-old (65-74 years) and old-old (75 years and older). The effect of social relationships at baseline on all-cause mortality in the subsequent 88 months was analyzed using Cox proportional hazard models with the time to death or censoring measured in months. Hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) were calculated separately for the four age-and gender-based subpopulations.
As social relationship variables are more likely to be associated with each other, prior to Cox regression analyses we employed a hierarchical log-linear model, a multi-way cross-tabulation analysis often used to detect the associations among categorical variables. 18 Highly significant two-way interactions (p < 0.001) were observed between the availability of a casual friend and a support provider for all four subpopulations. Group membership was associated with the availability of a casual friend in some of the subpopulations, and a significant association of a job with group membership was also found. Considering these significant twoway interactions among social relationship variables, we conduct- To calculate the hazard ratios, "no" (coded=0) of each variable is used as a reference. : To calculate the hazard ratios, multi-generation household is used as a reference. a figure higher than Japan's national average (73.1% for men and 68.7% for women) observed in a 3-year follow-up study of 2,200 elderly persons aged 60 and over. 13 Among the old-old men, group membership was a significant predictor of mortality. Although such an association was not significant, a similar trend was observed among other subpopulations. Studies conducted in Western nations also showed similar results. [1] [2] [3] [4] [5] Supportive findings for this relation also lie in studies in Japan that reported a significant association of group membership with mortality. 13, 20 Among the old-old, those engaged in jobs were also less likely to die during the follow-up period. Studies in Japan and Taiwan demonstrated a significant association of job engagement with lower mortality among the elderly.
14,21 A study in New Haven, Connecticut in the United States reported a similar result. 22 One possible reason for such an association is that, for the elderly, a job can positively affect their mental health by providing more meaningful life, thus contributing to a prolonged lifespan. Our data verified that 61.5% of the old-old men with a job replied that they worked to "maintain their health or to make life meaningful and worth living," which is one aspect of psychological wellbeing, while 44.3% of the young-old men replied the same. Among women, a similar trend was observed, with 50.0% of the old-old and 39.9% of the young-old responding similarly.
When considering the implications of having a job among the elderly, we should mention a specific characteristic of a rural society in Japan. In agricultural areas, each family member is considered an important part of the work force. Functionally able individuals are engaged in arduous jobs, whereas older people do light housework such as cleaning house or preparing meals. In such areas, the implications of being unable to work may be greater than in urban areas. In our data, 29.2% of men and 33.4% of women reported feeling isolated despite having cohabiting family members; such a tendency was observed at higher percentages among the old-old (29.7% compared to 15.3% of the youngold) and among those with illnesses (21.8% compared to 16.6% without illnesses), suggesting the negative impact of ill health on their family relationships.
Among the old-old women, those who lived alone had a lower mortality. Although the association was not significant, a similar trend was observed among old-old men. In reviews of studies on family composition and mortality, the authors reported that support from family members was not always protective against mortality, whereas support from other sources was generally associated with reduced mortality. 9, 23 In fact, a study in the United States observed that, with increasing family size, the odds of engagement in healthy behaviors such as physical activity or non-smoking decreased. 24 Our result was in agreement with that from another Japanese study conducted in a rural area that found a significantly lower mortality among old-old women who lived alone. 25 Moreover, suicide rate was higher among the elderly in multigeneration households according to other Japanese studies conducted in rural areas. 26, 27 Researchers suggested that inter-generagroup membership and a job was significantly related to 88-month mortality at stage 1, with an HR (95% CI) of 0.53 (0.36-0.77) and 0.54 (0.37-0.78), respectively (Table 3) . At stage 2, after inclusion of other social relationships, these two variables remained independent predictors of mortality with a significant HR (95% CI In the present study, a significant association between social relationships and mortality emerged only among the old-old age group. While Seeman et al. observed that a significant association between social relationships and mortality showed no distinction between the two age groups of 60-69 years old and 70 years and older, 5 another study, in which young-old and old-old citydwelling white women were compared, concluded that benefits in terms of mortality from such social networking as participation in local organizations, contact with friends, and years lived in the area were restricted to old-old women. 10 In this study, 10 Yasuda et al. suggested that, with advancing age, dependence on the social environment increases to the point where the relative importance of social relationships emerges to affect the health of the old-old. In addition, we hypothesized that selective survival may have contributed in part to observed age group differences. Considering Japan's at-birth life expectancy of 76.1 years for men and 82.2 years for women in the baseline year of 1992, 19 the elderly who outlived others may be physically homogeneous, and therefore the relative importance of social relationships emerged in this subpopulation.
Among social relationship variables examined, availability of a casual friend or support provider failed to show any significant association with mortality among our population. Such a finding was similar to that of the Tecumseh study that observed a nonsignificant association of informal social relationships such as frequency of visiting friends or relatives with mortality, 2 whereas it contradicted the Alameda findings that showed a significant inverse association between contacts or visiting frequency of friends and mortality. 1, 5 Some researchers hypothesized that, in rural areas where human interaction is so much a part of daily life, the effect of such an informal network of people might be undetected. 2, 9, 15, 16 Moreover, social relationships in rural areas with traditional community associations may have different connotations compared to those in an industrialized urban area. In fact, a high proportion of our study population belonged to a local organization, i.e., nearly 80% for both men and women (see Table 1 ), diverse settings. Examining the nature and source of social support may provide valuable information in further studies on social relationships and health.
tional conflicts resulting from a rapid change in family values in Japan were in part attributable to such a tendency. Although marital status was not asked in our survey, women are more likely to be widowed than men because of their longer life span. It is possible that the effect of inter-generational family relationships might emerge as a relatively important factor among elderly women.
Finally, we need to address some limitations in our study. One limitation is that we could not control for all the possible confounders. Prior to this study, we eliminated the functionally dependent elderly based on self-reported ADL to minimize the confounding effect of functional impairment. However, the inclusion of information on higher level of activities such as going out using public transportation or a performance-based measure such as walking speed in the analysis might have weakened the association observed among social relationships and mortality. Because we lacked the information in this regard in our study, we could not adjust possible confounding effect of such factors. This is a limitation that should be addressed in the future.
As for a possible effect of ill health on social relations, we controlled for health status such as the number of diagnosed illnesses and self-rated health. Studies that included biological measures such as serum cholesterol and blood pressure also found a significant association of social relationships with reduced mortality. [2] [3] [4] [5] 17 Moreover, we conducted a sub-analysis by eliminating the subjects who died within 1 year from the baseline to test that the association observed between social relationships and mortality was not a confounding effect of ill health. Our results remained unchanged. However, the inclusion of a more precise measure might have attenuated the association observed.
The effect of health behaviors or mental health on mortality was not addressed in our study either. This might be seen as another limitation. Although studies controlled for health behaviors such as smoking and physical activity found a significant association of social relationships with reduced mortality [1] [2] [3] [4] [5] 13 and studies controlled for depression have also observed a significant association of social relationships with lower mortality, 5,14 we could not rule out the possible confounding effects of such factors. In addition, we used a rather crude measure of social relationships. Although many studies used similar variables and reported a significant association among them and mortality, our simple dichotomous measure might not be sufficient. The quality rather than the quantity of social interactions may be important, as indicated in reviews of social relation research. 9, 23 This may constitute another limitation that needs to be addressed in future studies.
Despite such limitations, age differences observed in the association between social relationships and mortality merit attention when considering the possible protective role of social relationships among vulnerable population, particularly the old-old. Having a job and group membership were both associated with lower mortality among old-old men, as were having a job and living alone among old-old women. The importance of social relationships may differ across different populations in culturally
